Abstract: In this article, the studies about the prevalence of chronic enteropathy are reviewed as well as the information regarding short-and long-term prognosis for dogs treated with the three most common therapies; these include dietary modification, antibiotics, and immunosuppressants. Although the data available are limited, most studies support a good to excellent long-term response in dogs that have a successful food trial, whereas the response is poor with antibiotics or on-going treatment is required to retain remission. There is a risk of antimicrobial resistance developing with inappropriate use of antimicrobials such as in these situations. The published information highlights the need for alternative strategies to antibiotic treatment to manipulate the GI microbiome, and in the final part of this article studies on the use of probiotic for the treatment of chronic enteropathy are reviewed. Keywords: chronic enteropathy, inflammatory bowel disease, dog, treatment, probiotic, diet
Introduction
Chronic enteropathy (CE) is a term used for gastro-intestinal diseases present for a duration of 3 weeks or longer, when extra-intestinal diseases or intestinal disease such as parasitic disease or neoplastic disease are ruled out. 1 Clinically, CE is further classified according to treatment response as food-responsive enteropathy (FRE), antibiotic-responsive enteropathy (ARE), and immunosuppressant-responsive enteropathy (IRE). The term steroid-responsive enteropathy is also used for IRE and is the closest entity to the human Crohn's disease, a variant of inflammatory bowel disease (IBD). The term idiopathic IBD is also used in veterinary medicine interchangeably with IRE in cases not responding to diet or antibiotic trial, and where intestinal inflammation is present on histology. Dogs not responding to treatment are categorized as having non-responsive enteropathy (NRE). Although CE in dogs is perceived to be a common presentation in referral centres, there are few data about the true prevalence of this disease both at referral and general practice levels. In this review, we will summarize the evidence available about the prevalence of gastrointestinal disease, and more specifically CE where available.
Treatment trials remain the main tool to differentiate between the different clinical categories of CE as clinical history, biomarkers, endoscopic or histological changes have not been proven sufficient to do so at this point in time. 2 For this reason, in most situations, a diet trial is performed in the first instance as studies have reported a response in a majority of dogs that is maintained for a long duration. 3, 4 In view of the good response to diet alone, endoscopy is typically performed at a later stage in the diagnostic work-up, as similar intestinal histological findings are expected in both FRE and IRE dogs, except if the clinical signs are severe or negative prognostic factors such as hypoalbuminaemia are present. 1 Although antibiotic and corticosteroid trials, respectively, have often been used as next steps in dogs with CE, there is sparse information on long-term response to these treatment modalities. 4 In the second part of this review, we will assess the evidence for short-term (less than 3 months median follow-up), mid-term (3 to 6 months median follow-up), and long term (over 6 months median follow-up) response to either diet, antibiotic, or immunosuppressant trial. Although one of the clinical classifications of CE is antibiotic-responsive, there has been little evaluation apart from tylosin, which has been extensively studied in dogs from Finland as well as the UK. [5] [6] [7] [8] The long-term outcome in these dogs has been reported to be poor, and there is a growing concern of antibiotic resistance as described in human patients. 4, 9, 10 For this reason, there is a need for evaluating alternative treatments for dogs with CE failing a diet trial. The gastrointestinal microbiota have been recognized as a major player in intestinal health, and there is accumulating information about their role in dogs with CE. 11, 12 In view of these results, strategies to alter the microbiota are of much interest. Strategies to manipulate the microbiome beyond antibiotics include prebiotics, probiotics, and faecal microbiota transplant, whereby faecal contents from a healthy donor are administered to a dog with CE in view of re-implanting a healthy microbiota. 13, 14 The evidence for the use of probiotics will be reviewed in this article. There is currently not enough evidence to review the use of faecal microbiota transplant, however this will likely change in the future.
Materials And Methods
There is currently no literature assessing specifically the prevalence of CE in dogs in the general population. For this reason, articles describing a population of dogs from an insurance database or other large database were reviewed for pertinent information on the proportion of dogs with gastrointestinal disease.
To assess short and long-term outcome of dogs treated for CE, articles describing different treatment combination including diet manipulation, antibiotic treatment, and immunosuppressive treatment with follow-up information were considered. Relevant papers were retrieved with two searches. The following key words were included in PubMed, Web of Science, and Google Scholar databases for the first search: "Dog or canine" and "Chronic enteropathy or IBD". For the second search, the following keywords were included: "chronic" and "diarrhea or vomiting" and "dog or canine".
From the first search, 744 articles were retrieved; 492 were excluded as they were either not relevant, or described a single case report or one breed of dog. Out of the 252 articles remaining in English, 51 were found to be relevant after reading the abstract or the paper and were included. From the second search an additional 2 articles were identified that were not retrieved with the first search. In summary, 53 articles were included to review for outcome information. The results are descriptive only to capture the data available and no attempt at stratifying the evidence level has been done.
Each study was evaluated to include only dogs with CE after ruling out extra-intestinal disease and treatment with either diet, antibiotic, immunosuppressant, or a combination thereof. Histology was not required to be included, in order to reflect the fact that many dogs will be treated without biopsies in the general practice clinic. Studies without inclusion of outcome data or follow time were excluded. A definition for response, partial response, or no response was required. If not clearly defined, the cases were defined as response vs no response. Studies were divided by their follow-up time into short-term (3 months or less median follow-up), mid-term (3 to 6 months median follow-up), and long-term (over 6 months median follow-up) response.
To evaluate probiotic usage in dogs with CE, PubMed, Web of Science, and Google Scholar databases were searched for the terms ("canine" or "dog") and ("probiotic"). A total of 142 entries were retrieved, excluding duplicates and reviews. Following exclusion of non-dog, non-diarrhoea, and non-CE/ IBD (including parasitic disease, studies in shelters and studies in acute diarrhoea) entries, a total of 9 were then evaluated.
Prevalence Of Chronic Enteropathy
There is a lack of information on the prevalence of dogs with CE and it is difficult to obtain reliable data. All studies to date are retrospective and include one of the following strategies:
1. Questionnaires sent to owners, breeders, or veterinarians. 2. Use of data from insurance companies. 3. Use of veterinary records from general practice or on occasion referral centres.
Each of these strategies has its own limitations, which leads to bias in the population selected (especially with insurance data and pedigree information) and recall of information (questionnaires). Scant information is available on prevalence of CE diseases and little more information on causes of death. Additionally, most of these studies do not report the prevalence of CE, but rather gastrointestinal signs overall (i.e. summation of acute and chronic causes of different aetiologies). For this review, not only the information on prevalence of gastrointestinal disease in general practice and referral practice has been summarized, but also the information of gastrointestinal disease as a cause for death or euthanasia. The information from studies about prevalence is summarized in Table 1 .
The oldest study assessing prevalence of gastrointestinal signs in dogs in general veterinary practice is a survey published in 1974. A questionnaire was developed and used to assess 61 companion animal veterinary surgeons practising in England, Scotland, and Wales. 15 Taking into account the survey results, the authors report that 9.4% of dogs seen will have signs of gastrointestinal disease in general practice. The data collected did not enable the distinction between chronic and acute gastrointestinal disease to be made. Another study from the UK assessed the prevalence of disease in pedigree dogs using a questionnaire filled by the owners. 16 The One Japanese study assessed the prevalence of diseases in dogs included in an insurance policy database over a 1-year period (2010 to 2011). 17 Data were obtained from the information entered by the veterinarian at the time of consultation. A total of 2,945 dogs (75.8%) had at least one disorder documented during the study period. Gastrointestinal disease was the most prevalent (17.8%, CI: 16.0-19.6), followed by dermatological disease (15.5%, CI: 13.9-17.1), then musculoskeletal disease (11.8%, CI: 10.6-12.9). These were from a range of breeds, gender, and ages.
Although gastrointestinal disease is frequently reported in these different studies, it is impossible to determine the true incidence of CE or IBD, both due to the retrospective nature of the studies, but also due to the recent changes in terminology and failure in many instances to complete a full work-up in general practice.
In the referral setting, one study specifically assessed at-risk breeds for CE in a single institution in the UK. 19 The authors reviewed all dogs admitted over a 5.5-year period (2003 to 2009); a total of 546 dogs were diagnosed with CE after a thorough work up accounting for 86 breeds (including mix-breed). During the same period, 27,463 dogs of the same breeds were admitted to this hospital. This suggests that 2% of overall cases seen in this referral centre were dogs with CE. Breeds at significantly higher risk of developing CE than mix-breed dogs in this study included weimaraner, rottweiler, German shepherd, border collie, and boxer. Another Italian referral centre reports only 120 dogs with signs consistent with CE out of 12,699 cases admitted during 1 year. 20 This represent 0.9% of the cases seen in this centre.
The data do not allow to determine whether the difference in these 2 studies reflects a geographical difference in the prevalence of CE, or a difference in the referral caseload. A larger study of referral practices (private and university-based, and secondary or tertiary) is necessary to determine the worldwide distribution of this disease.
Outcome
A study from the UK assessed the causes of mortality in purebred dogs by surveying owners contacted through the UK Kennel Club. 21 During 2004 a total of 58,863 questionnaires were sent out and data were collected on all dogs that had died within the previous 10 years. The response rate was 24% (13,741 questionnaires returned) with information on 15,881 deaths during this time. In this study, gastrointestinal disease was the 7th cause of death with a frequency of 4.1%; over 50% of these deaths were due to a gastric dilation or volvulus. The specific diagnoses for the remaining GI causes of death were not documented.
In a similar study, questionnaires were sent to breeders in Denmark. 22 A response rate of 20.5% was obtained, with information collected for 2,928 dogs. Gastrointestinal disease was reported as cause of death in 65 dogs (2.2%, CI: 1.7-2.8) and was the 9th most frequent cause of death out of 14 (after removing the category "old age"). Both studies, by design, only assessed the incidence of death in pedigree or purebred dogs. Genetic predisposition is strongly linked to CE and idiopathic IBD in dogs, with some breeds developing severe disease with a poorer prognosis. 23, 24 Therefore, it is likely that in the wider dog population, gastrointestinal disease as a cause of death is lower than in pedigree dogs. One study assessed causes for mortality in over 222,000 insured Swedish dogs and reported gastrointestinal disease to be the 7th out of 18 causes. 25 The data of the insurer cover over 30% of the dog population in Sweden and for this reason results can likely be extrapolated to the Swedish dog population as a whole. 26 This study was published in 1997, and it is unlikely that the findings would be equally applicable in 2019. The same group also assessed disease patterns more specifically in German shepherd dogs using the same insured population. A total of 32,486 German shepherd dogs (7.3% of the whole database) were included in this retrospective study from 1995 to 2006. Gastrointestinal disease of any type was the third most common reason for presentation for veterinary care and accounted for 267.1 cases per 10,000 dog years at risk (DYAR).
Another study from Japan studied the cause for 4,169 deaths among a population study of 278,411 insured dogs. 27 Gastrointestinal disease was reported as the 4th cause of death with a percentage of 5.9% in this population.
Some data are also available on mortality causes for dogs in the UK. 28 In this study, the authors reviewed clinical health data from 102,609 dogs from 86 first opinion veterinary practices in central and southeast England between January 2009 and December 2011. During this period, 5,095 dogs died or were euthanized. Gastrointestinal disease was the 3rd cause of death (6.5%) and dogs euthanized had a median age of 10.5 years (interquartile range 5.0 to 13.7). A bi-modal distribution in death was noted with peaks in year 1 and year 14. The top three causes for dogs younger than 3 years old included behaviour abnormality (14.7%), gastrointestinal disease (14.5%), or no cause recorded (13.3%), whereas for dogs older than 3 years old these were neoplastic disease (18.2%), no cause recorded (13.0%), or musculoskeletal disease (12.4%).
Only one study from North America reports cause of death in a large sample of dogs in a referral setting. 29 The data were obtained from the Veterinary Medical Database (VMDB) that contains abstracted records from 27 Veterinary Teaching Hospitals. Visits during which the dog died were retrospectively evaluated from 1984 to 2004, again a time that may not be readily extrapolated to current day veterinary practice. A total of 74,556 dogs were analysed, and the proportion of death attributable to gastrointestinal disease was over 15% in dogs up to a year (1st cause) and about 10% in dogs older than a year (3rd cause of death). So, how much is CE truly a problem? As can be seen from the information summarized above, there are currently insufficient data to fully answer this question. Overall, all causes of gastrointestinal disease are a common problem in general practice with a prevalence ranging from 9.4 to 17.8% according to different studies. The only 2 studies assessing the prevalence of CE in a referral centre report a prevalence of 0.9 to 2.0% of the overall caseload, which is similar to what is reported in purebred dog studies (2.1% of chronic disease). 16, 19, 20 Data from surveys of causes of death are more variable, and the contribution of CE to these is impossible to determine. In summary, further work is required to better understand how prevalent CE truly is both in general and referral practice, but a prevalence of at least 1-2% can be hypothesized.
Response To Treatment For Chronic Enteropathy
Although response to treatment has been reported in several studies, the follow-up period is often short and less than 3 months. For this reason, the second part of this review was to summarize the information available about long-term response in dogs with CE. The results from the different studies are summarized in Tables 2-4. A total of 17 studies were identified that reported the outcome of dogs treated for CE with a follow up of 3 months or less ( Table 2 ). Except for one study assessing the effect of natural or synthetic immunomodulators, all the other studies assessed the effects of diet, antibiotics, and immunosuppressants. 30 However, not all the studies had sequential treatment trials. In one study, standard treatment included the use of corticosteroids in combination with antibiotic and diet whereas for several other studies, only the overall remission (i.e. all the different subtypes) were reported. [31] [32] [33] Remission in these studies varied from 57 to 100%. Typically, response to diet was higher than 60% and reached 100% except for one study reporting a remission of clinical signs in 45% of dogs. [34] [35] [36] [37] Three studies report the outcome in dogs with ARE, and in 2 of these, remission or partial remission were achieved by all dogs. 5, 36, 38 However, most dogs treated with tylosin relapsed within a month when the antibiotic was discontinued. A very good outcome is reported for dogs with IRE treated with a variety of immunomodulators with remission of 65% or higher in most studies and some reporting 100% response. 36, 37, [39] [40] [41] [42] [43] [44] [45] In one study comparing treatment with prednisolone or a combination of prednisolone and metronidazole, no difference was seen between either treatment protocols, suggesting no tangible benefit from metronidazole in the short-term. 39 Similarly, no improvement was achieved when adding a probiotic to prednisolone treatment. 43 Overall, these studies suggest a good short-term outcome in dogs diagnosed with FRE, ARE or IRE; whereas NRE was reported to represent 5 to 27% of the cases with the highest percentage after treatment with budesonide. 41 Only 5 studies report the outcome of dogs treated for CE with follow up of 3 to 6 months ( n/a n/a n/a n/a n/a n/a
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Rychlik 2013 The study included also 9 dogs diagnosed with FRE and 4 dogs with ARE for whose outcome data were unavailable. Abbreviations: ARE, antibiotic-responsive enteropathy; FRE, food-responsive-enteropathy; IRE, immunosuppressant-responsive enteropathy; M, metronidazole; n/a, information not available; NRE, non-responsive enteropathy; P, prednisolone. DovePress trial is reported most frequently (3 studies), with remission rates of over 67%. 3, [46] [47] [48] Additionally, 2 studies reported the short-term results of corticosteroid treatment. 20, 48 In these studies, a relapse in clinical signs after treatment with prednisolone was reported in 23 to 50% of cases. Finally, 7 studies reported outcomes in dogs with CE with a follow-up period greater than 6 months (Table 4) . Most studies reported a good long term outcome in dogs responding to diet with remission rates of over 66%. 46, 49, [51] [52] [53] The effect of diet could not be assessed in one study as the diet was not changed in all dogs and additional treatment was used concomitantly. 50 Interestingly, in one study, although the response was similar between hydrolysed diet and limited antigen diets when assessed at less than 6 months, there was a statistically significant improvement in response in dogs fed a hydrolysed diet after a longer follow up with a remission rate of 79% vs 12% (P<0.001). 46 In comparison, partial or lack of response was observed in over 40% of dogs classified as having ARE or IRE. 51 The poor long-term outcome in IRE and ARE dogs was also reported in a large study from the UK with significantly better outcome in dogs with FRE than ARE or IRE. 4 Similar results are reported in a study from Australia with better outcome in dogs with FRE than ARE although the study was underpowered. 53 The data suggest there is a good long-term outcome for dogs with CE that initially respond to a dietary trial. However, there are growing concerns that dogs classified as ARE and IRE when first diagnosed, will not respond longer term to the same degree. This finding suggests that strategies that manipulate the microbiome should be evaluated to improve the outcome of dogs diagnosed with CE.
Use Of Probiotics In Dogs With CE
The use of probiotics in veterinary practice has been expanding over recent years, due in part to increasing knowledge about the microbiome and in part due to reluctance to use antibiotics long term. Probiotics are defined as live microorganisms that confer a health benefit on the host when administered in adequate amounts. 54 In addition, probiotics should survive gastric acid and bile to reach and adhere to the intestine, be able to proliferate and colonize the colon, modulate the intestinal immune system, be active against pathogenic microorganisms and have no carcinogenic, toxic, pathogenic or mutagenic effects. The most common types of bacteria contained in probiotics that are used in veterinary practice include Bifidobacterium, Lactobacillus, Enterococcus faecium, and the yeast Saccharomyces boulardii. There is an increasing use of probiotics in human gastroenterology, particularly in treatment of ulcerative colitis. 55 In most countries, probiotics are not considered veterinary medicines, and therefore products may contain different concentrations of organisms than labelled and are not obligated to demonstrate efficacy in particular conditions.
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The studies on the use of probiotics in dogs with CE are either bench-top or clinical trials, with different products being assessed in different breeds and different forms of CE, making definitive conclusions difficult to make. Studies reviewed are summarized in Table 5 .
Bench-top studies have demonstrated mixed results in terms of efficacy when assessing dogs with CE. An early study assessed three Lactobacilli strains, and the three combined in a cocktail in tissue culture (duodenal explants) from dogs with CE. 57 This demonstrated increased expression and production of interleukin-10 (an anti-inflammatory cytokine) and decreased pro-inflammatory cytokines. A more recent study assessing treatment ex vivo of intestinal samples with E. faecium found no change in inflammatory mediator gene expression (the inflammasome) compared to placebo, in samples from both healthy dogs and dogs with CE. 58 The same group of researchers performed whole blood stimulation and stimulation of duodenal explants in healthy (colony) samples and dogs with FRE. 35 No differential gene expression was identified in duodenal samples with administration of the probiotic, whereas TNFα production was increased with E. faecium administration.
In clinical trials, the results have also been varied, as have the study populations and probiotics used. In a study based in Finland in 2005, dogs with tylosin-responsive diarrhoea were studied after achieving disease remission in 14 dogs. 5 Discontinuation of tylosin resulted in recurrence of signs in 12 dogs, and this was not attenuated by administration of the probiotic Lactobacillus rhamnosus GG. In a 2006 study of 21 dogs with FRE, a placebo or probiotic cocktail (3 different Lactobacillus spp. strains which were all lyophilized: 2 L. acidophilus (NCC2628, NCC2766) and 1 L. johnsonii (NCC2767)) was administered along with dietary therapy.
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All dogs clinically improved, with no difference noted between groups in clinical outcome or expression of cytokine mRNA in intestinal samples, despite the probiotic bacteria being identified in the faeces of treated dogs.
Studies of the probiotic VSL#3 have also been undertaken, with one prospective study performed in dogs with CE.
60 VSL #3 is a high-dose, multi-strain probiotic product containing viable lyophilized bacteria consisting of 4 strains of Lactobacillus (L. casei, L. plantarum. L. acidophilus, and L. Recovery was more rapid in dogs treated with metronidazole and prednisolone than VSL#3, but there were changes in the inflammatory profile with probiotic treatment. A later study evaluated VSL #3 (but as a renamed commercial product) in a multi-centre study of dogs with idiopathic IBD. 43 All dogs that completed the trial (n=26) were treated with elimination diet and prednisolone, but 14 of those were randomly assigned to also receive the probiotic. No adverse effects were reported during the trial, and probiotic treatment had no impact on histological scores within the intestine, or reduction of the clinical activity index. Probiotic therapy was however associated with up-regulation of tight junction proteins, although the clinical significance of this is unknown. Similarly, in a larger study of dogs with FRE, administration of E faecium failed to produce any significant benefit over treatment with diet alone. 35 In a recent Italian study, 20 dogs with IRE were treated with the yeast Saccharomyces boulardii or a placebo. 61 Each dog was also managed with dietary therapy (hydrolysed or limited antigen), antibiotics (tylosin or metronidazole), and immunosuppressive treatment tailored to the individual dog. The study was not sequential (i.e. not randomized), but double-blinded as to treatment group. Only 13 dogs reached the end of the study (6 in probiotic group and 7 in placebo group), and an improvement in clinical severity was noted for dogs in the probiotic group at day 45 and 60. There were no differences noted in ultrasonographic, histologic or endoscopic findings between groups at different time-points. Although this appears a promising study, the variability in other treatments as well as the inclusion of data from dogs that died during the study makes it difficult to attribute benefit entirely to the effects of the probiotic. 
Conclusion
In conclusion, although CE is considered as a frequent cause of presentation to the veterinarian, there is currently a lack of studies to determine the true prevalence either at the level of general practice or referral. Future studies are necessary to answer this question. Although there are many studies reporting short-term response to different treatment trials, there are only a few reporting long-term response and most of the studies included dogs with FRE. Although FRE dogs do have an excellent long-term response, the results are not as clear for ARE or IRE dogs. More studies are required to confirm these results, but this information suggests that other strategies than antibiotic treatment is required.
Despite the variation in types of disease and probiotics studied, there appears to be no detrimental effects reported from administration. Based on the literature to date, use of probiotics in dogs with food-responsive enteropathy does not appear to have any benefit. Likewise, the long-term impact on dogs with ARE/IRE is difficult to ascertain. Larger studies are required before any conclusions about the clinical utility of probiotics can be made. 
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